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INSTRUCTIONS 

e Use black ink. You can use an HB pencil, but only for graphs and diagrams. 

e Write your answer to each question in the space provided. If you need extra space use 
the lined pages at the end of this booklet. The question numbers must be clearly shown. 

e Answer all the questions. 


INFORMATION 

e The total mark for this paper is 140. 

¢ The marks for each question are shown in brackets [ ]. 

* Quality of extended response will be assessed in questions marked with an 
asterisk (*). 

¢ This document has 36 pages. 


ADVICE 
e Read each question carefully before you start your answer. 
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Section A 


Answer all the questions. 


1 Acomputer program stores data in an array named words. 


(a) The data in the array needs to be searched for a value that the user inputs. 


(i) 


(ii) 
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One example of a searching algorithm is a binary search. 


Identify the precondition for a binary search. 


Asecond example of a searching algorithm is a linear search. 


Describe how a linear search works. 
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(b) The array words is defined as a global variable and contains these values: 


"house" | "boat" | "car" | "telephone" | "garden" | "spice" | "elephant" 


The pseudocode function useWords() here uses the global array words. 


The number of words in the array words is passed as a parameter. 


function useWords(numberOfwords : byVal) 
contents = "" 
for count = 0 to numberOfWords - 1 
contents = contents + words[count] + " " 
next count 


return contents 


endfunction 


(i) Identify two variables in the function useWords(). 


OD eee heey a atevie pe cree acct ges cf eee ve aeateena tet en teva cats tesieteeeisen fad acdc e ceive vasa eae enaece eesguensa tet ene curate 
2 voile dlux Suanehsclntaa aun uaglees udes vuduusensas Deca yaacaweguny cnepstiaanshanante icons buna baanns chsnccums su lages dius dens vassieatnecs 
[2] 
(ii) numberOfWwords is a parameter passed by value. 
Describe the difference between passing a parameter by value and by reference. 
(aap ee Up eheia fede asec ea ea eS saat epanda nae saa D Ra cap ane atamgnsos EAR Ladi NNN OS eaG EM ointeaNMiAa anaes et NE [2] 
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(iii) Rewrite the function useWords() to use a while loop instead of a for loop. 
The function header and close have been written for you. 
Write your answer using pseudocode or program code. 


function useWords(numberOfwords : byVal) 


endfunction 


[4] 


(c) Give one benefit and one drawback of declaring the array as a global variable instead of a 
local variable. 


BS SIMO T I sasircrecnnitac.onisncaiceahtougaceneeeets sualsedeitasoec sectnsaacssasanicsataatactaeniauteameaesadtesteecaadteaeseecwanasanduaiidaeraderateets 
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(d) Describe one feature of an Integrated Development Environment (IDE) that can be used to 
help write the program and one feature that can be used to help test the program. 


[4] 
(e) Functions and procedures are reusable components. 
Give two benefits of writing a program with reusable components. 
I a reste Sau sa aca peasant ee gems amine oe cecal pa nese duane ub oa etned Aesubip Seen setaneangas ce eceuaanbrce aueelgeenie eceugeteeie tans: 
/ EE Sen ee En eee eee ER Te rec ce ee eee nner ne Ce etre ea eee een errs 
[2] 
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Acomputer program is being written to store data about students. 


Fig. 2 shows a binary search tree that stores data about students. 


Each student is represented by their ID number. The current contents of the binary search tree 
are: 


Fig. 2 
(a) Identify the root node in the binary tree shown in Fig. 2. 


Sige eet er da ates re ean dere teehee anette ae dace nec aneonta eee aatnchin [1] 
(b) Identify two leaf nodes in the binary tree shown in Fig. 2. 
Does asec Bi rete tutta toe ct hen rape Actas fo wataate nee poe See Se danen ee cnlg a seaetaeatte og, Suaades meget Chast cranceeagaiiees 
De ues cetseae teen tas tyanatiatin tesa fevberenenactece Gays agen anaes teeuaecetes uence scigeetgans scnecect ta desaeeeeeteaupareniatesoeeeaetass2 
[2] 
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(c) Four more students are added to the binary search tree shown in Fig. 2 in this order: 


1420 2050 2780 2600 


Complete the binary search tree here by adding the new students to it. 


[4] 
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(d)* A programmer would like to traverse the binary search tree shown in Fig. 2. 


Compare the use of a breadth-first traversal and a depth-first (post-order) traversal on the 
binary search tree. 


You should include the following in your answer: 


° how each traversal works 
° the order of the return values for each traversal. 
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3  Abubble sort will sort an array of 50 integer values called numberArray. 


(a) State why the integer values are stored in an array instead of separate variables. 


(b) This bubble sort algorithm is written to sort numberArray into ascending numerical order. 


Complete this bubble sort algorithm. 


arrayLength = 
tempValue = 0 
do 

flag = false 

for y = © to arrayLength - ooo. eceeeeeeeeeereeeseeeneeeneeees 
if numberArray[y] > numberArray[y + 1] then 

s gags danoua nos bu eau enestasnads ecedenestaeneeas = numberArray[y] 

NUM BSA SY [ acerceetesetcatecaenctentactccetecentee ] = numberArray[y + 1] 


numberArray[y + 1] = occ eeeseeeseeeeeeneeeteeereeeeeeees 
flag = true 
endif 
next y 


until flag == false 
[5] 
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(c) One section of numberArray is shown here. 


2} 12 > 1 9 3 5 | 15 | 7 


Asecond sorting algorithm that could be used to sort this data is a merge sort. 


Show how a merge sort will sort this section of the array numberArray into ascending 
numerical order. 
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(d)* Another sorting algorithm is insertion sort. 
The number of values stored in the array numberArray has been reduced to 10. 
Compare the use of bubble, merge and insertion sorts on the array numberArray. 
You should include the following in your answer: 
¢ how each algorithm works 


e the Big O complexities for each algorithm 
e — the suitability of each algorithm for sorting the 10 values. 
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4 Aprogrammer is developing an aeroplane simulator. The user will sit in a cockpit and the 
simulated environment will be displayed on screens around them. 


(a) The programmer uses computational methods to design a solution for the program. 


(i) Complete the table by writing a definition for each computational method. 


Computational Method Definition 


Abstraction 


Decomposition 


[2] 


(ii) Give three potential differences between the abstracted aeroplane simulator and reality. 


(iii) Identify two reasons why abstraction is used when designing a solution to the problem. 


OL seek eater prescacastecinen'ts dettedatleiocetatsanceauitarsundakaadaten sree ance cnectnidaaletenemcetgeaneemeadektandeaotoreeacesebenumssesiaes 
I etree pe eee ve age sme eet og sca ace cee seme ies a oe eee areca nt Soaeeeectee eer eece 
[2] 
(b) Describe how caching can be used in the aeroplane simulator. 
Spee ee we rae eae ea eae eee ee [2] 


© OCR 2022 


PMT 


17 
BLANK PAGE 


PLEASE DO NOT WRITE ON THIS PAGE 


© OCR 2022 Turn over 


PMT 


18 


5 Fig. 5 shows a graph data structure representing a small section of a parcel delivery network. 
Each node represents an address where deliveries need to be made. The edges show the 
possible routes and distances between these deliveries. 


Fig. 5 
(a) (i) State one way a directed graph is different to an undirected graph. 


si fesdeaa tele Seana cece adore aaa das ean eseeaiateieed-csachaoadere teres eeq gence tnseSate aeiea erste each sade deecsaaee ens [1] 
(ii) State one way a graph data structure is different to a tree data structure. 
Sse Acie ees ga a Se ah cee ce ee [1] 
(b) Give one reason why the graph is a visualisation of the problem. 
Sepa ia eh deta shea dace cat gaan dedrenaial sae cee Shale nat os biavedaanebnedese gaces tut neces e ute eaceaten gene serenacceuaaleemeaiee! [1] 
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(c) (i) Show how Dijkstra’s algorithm can be used on the graph shown in Fig. 5 to find the 


shortest path from the start node A and the end node H. 


You should state the nodes on the final path and the overall distance. Show your 


working. 


You may choose to use the table below to give your answer. 


Node Distance travelled 


Previous node 


FUL Pata: oe... e cece cece cece cee ceeceeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeneeeeeees 


Distance: ... 
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Give a similarity and difference between the performance of Dijkstra’s algorithm and the 
performance of A* algorithm. 


SITU ANIUY Sec catecentwonunevenssvaceutaxsdhaqatsnqustesadexacseuiayeatcagsa cs wnesedtes teeina¢adtaniestuaautsedtgncstesavaut.derss ces 


[2] 
State why performance modelling is used to test a system. 
Sg soe psec sat sap scan nee ee ee ate earn [1] 
Describe how performance modelling can be used in the delivery system. 
SRG a cc a0 ae eee gia aa Seed wks ganna etn en eect aeasaed eetanatcs [2] 
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Acard game uses a set of 52 standard playing cards. There are four suits; hearts, diamonds, 
clubs and spades. Each suit has a card with a number from; 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 


The card game randomly gives 2 players 7 cards each. The unallocated cards become known as 
the deck. 


The players then take it in turns to turn over a card. A valid move is a card of the same suit or the 
same number as the last card played. 


The winner is the first player to play all of their cards. 
(a) One component of the game is checking if a move is valid. 


Identify three other components of the game. 


(b) Afunction, checkValid(), takes the card the player has selected, and the last card played 
as parameters. 


It returns true if the player’s move is valid and returns false if the player’s move is not 
valid. 


(i) State the reason why checkValid() is a function and not a procedure. 


(ii) The programmer will use a branching (selection) construct to make decisions. 


Describe the decisions that will be made in the checkValid( ) function and how these 
change the return values. 
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(c) The cards are held in the 2D array cards. The first index stores the card number and the 
second index stores the suit, both as strings. 


Write a pseudocode statement or program code to declare the array cards. 
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A program uses the recursive function calculate(). The function is written in pseudocode. 


1. function calculate(number : byVal) 


2. if number == 1 then 

3. return number 

4. else 

5. return number + calculate (number - 1) 
6. endif 


7. endfunction 


(a) (i) Give the line number in the algorithm calculate() where a recursive call is made. 


Se cr Seca e cad erm eeepc cece cea er aoracece nected dean teehee hed edeteeaseeccanemaracs tartan a cater [1] 

(ii) State two features of any recursive algorithm. 
FS TFS Me aaa area aa ctadce genet ee tenn eae ess cet ere eco tecee geen eee endo eee econ dec etacen ent eee. ates 
PSUS 2: aiaae aire tea sags seg ecg neat etapa ge ote soc nea tes aa pede ce Sade sc ecaeuaeactncadecachoneckeqeeue cuenenmmere nes 
[2] 
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(b) Trace the recursive function calculate() and give the final return value, when the 


following function call is run: 


calculate(5) 


You may choose to use the table below to give your answer. 


Function call 


number 


return 


calculate(5) 


(c) Give the pseudocode function call that would return 55 from the recursive function 
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calculate(). 


[5] 
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Section B 
Answer all the questions. 


A computer uses a stack data structure, implemented using an array, to store numbers entered 
by the user. 


The array is zero based and has 100 locations. 


(a) Fig. 8 shows the current contents of the stack and the first 9 locations of the array. 


Index Data 


pointerValue | 5 


23 
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Fig. 8 
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(i) The function pop( ) removes an item from the stack. 
The function push() adds an item to the stack that is passed in as a parameter. 


Show the contents of the stack and pointer from Fig. 8 after the following subroutines 
calls have run. 


pop() 
pop() 
push(3) 
push(6) 
push(7) 


Index Data 


pointerValue 


Oo rF NY WO Ff A DN CLC 


[2] 
(ii) State the purpose of pointerValue. 
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(b) The stack is programmed as an object using object-oriented programming. The design for 
the class, its attributes and methods are shown: 


class: stack 


attributes: 
private stackArray : Array of integer 
private pointerValue : integer 


methods: 

new( ) 

function pop() 
function push(value) 


(i) The method pop() returns the next value in the stack, or -1 if the stack is empty. 
Complete the pseudocode method pop(). 


public function pop() 
TF POUNCE VALUS FH ool cece cee e eee teeeteeeteeeteeeeeees then 
FET «sacdeescccensnteteieensnastaaentetantetectntouess 
else 
pointerValue = POUNCE VALUES oun... ccccccccccecceceeeeeeeeeeeeteeeeeess 
returnValue = StackArray [.........cccccceecceeeeeeeeeeeeeeeeeeeteeeeeees ] 
PS TUIPIA wa cee tcc tte eat aesuetesmenmnelieeneeaeusaicees 


endif 


endfunction 


[5] 
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(ii) The method push() accepts an integer as a parameter and adds it to the top of the 
stack unless the stack is already full. 


If the push is successful the method returns true. 
If the push is unsuccessful due to the stack being full the method returns false. 


Write the method push() using either pseudocode or program code. 


(iii) The main program initialises a new object of type stack with the identifier mathsStack. 


Write pseudocode or program code to declare the object. 
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(iv) The main program needs to: 


(v) 
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e take numbers as input from the user 
e — push them onto the stack mathsStack until the stack is full 
* output an appropriate message if the stack is full. 


Complete the pseudocode algorithm to meet these requirements. 


returnValue = true 
while returnValUG FH oie eeecccecececeeeeeeeseeeeeenseeeeees 


FETUNNVAIUG = MACNSSTACK «. .lescsiczescccrececcetauteccetisentzceccacs (input ("Enter 
Number") ) 


a SGU V MS SS sey cssesusancucemngadenssnancecaaancqsicedeboete: then 
Fhipseecabum bin rackantananansosiuxtausamenmianas ("Stack full") 
endif 
endwhile 


[4] 
The main program also needs to: 
* remove one item from the stack at a time and add this to a total 
* output the total every time an item is removed 
¢ stop removing items when either the stack is empty, or 20 items have been 


removed. 


Write pseudocode or program code to meet these requirements. 
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(c) The program is amended to include the use of several queue data structures. 


(i) Describe how an array can be used to implement a queue data structure. 


(ii)* Discuss the use of object-oriented programming and procedural programming to create 
and manipulate the queue data structures. 


You should include the following in your answer: 
e — the features of object-oriented programming 
e — the features of procedural programming 


e — the benefits of using object-oriented instead of procedural programming when 
creating several queue structures. 
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ADDITIONAL ANSWER SPACE 


If additional space is required, you should use the following lined page(s). The question number(s) 
must be clearly shown in the margin(s). 


© OCR 2022 


PMT 


© OCR 2022 


OCR 


Oxford Cambridge and RSA 


Copyright Information 


OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders 
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright 
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series. 


If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible 
opportunity. 


For queries or further information please contact The OCR Copyright Team, The Triangle Building, Shaftesbury Road, Cambridge CB2 8EA. 


OCR is part of Cambridge University Press & Assessment, which is itself a department of the University of Cambridge. 


© OCR 2022 


PMT 


